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STEEL MASONRY SUPPORT

In accordance with BS5950-1:2000 incorporating Corrigendum No.1
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Steel member details

Torsion beam

Masonry support plate

Steel grade of support plate
Design strength of support plate
Modulus of elasticity

Constant

Length of plate beyond beam
Total length of plate

Thickness of plate

Width of main beam

Area of plate

Distance from weld position to CoG

Supported materials detail

Density of masonry on main beam

Width of masonry on main beam

Height of masonry on main beam

Eccentricity of main beam material

Add dead force main beam (not from masonry)
Add live force main beam (not from masonry)
Density of masonry on support beam

Width of masonry on support beam

Height of masonry on support beam

—»{8le

UB 203x133x30

User

S275

Pysb = 275 N/mm?

E = 205000 N/mm?

e = V(275N/mm2 / pysp) = 1.000
lh=105 mm

lplate = 230 mm

tsb =8 mm

Bmb =134 mm

Asbu = tsp X lpiate = 1840.0 mm?
Cyysb = I/ 2 - (lplate - In) / 2 = -10 mm

pmmb = 5.0 KN/m?3
Dmmb = 100 mm
hmmb = 2600 mm
emb = 40 mm
PGaddamb = 0.0 KN/m
Paadamb = 0.0 KN/m
Pm.sb = 5.0 KN/m?3
Pmsb = 100 mm
hmsb = 2800 mm

Tedds calculation version 1.0.04
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Add dead force support beam (not from masonry)  Pgaddsb = 0.0 KN/m

Add live force support beam (not from masonry) Paaddsb = 0.0 KN/m
Geometry

Cavity width c=50mm

Supported width of masonry dn=Ilh+emp-c=95mm

Biaxial stress effects in the plate (SCI-P-110)

Maximum overall bending moment Mx = 37.0 KNm
Dist to NA combined section (CoG torsion beam)  yean = (Dmb + tsb) x Asbu / (2 x (Amb + Asbu)) = 35 mm
Second moment of area of combined section Il = (homb + Amb X Yean®)+ Asbu X (Dmb / 2 + tsp / 2 - Ye.an)? = 4328 cm*
Elastic section modulus of combined section Zyxall = lxxat / (Dmb / 2 + tsb - Ye,an) = 565.83 cm?
Section modulus of plate Zyxplate = 1M x tsp? / (6 x 1mM) = 10.67 cm®/m
Eccentricity of support beam masonry e1 =70 mm
Force of masonry on support plate P1 = (bmsb X Nmsb X pm,sb + Pgadasb) X yic + Paaddsb x yra = 2.0 KN/m
Bending at heel Myplate = P1 x €1 = 0.1 kNm/m
Moment capacity of plate Mc = 1.2 x Zxplate X Pysb = 3.5 KNm/m
PASS - Design strength exceeds stress at heel
Longitudinal stress due to overall bending 61 = My / Zxxan = 65.3 N/mm?
Constant relating to Von Mises curve Crp = (4 x pysv® - 3 x 612)%% = 538.2 N/mm?
Transverse bending stress ratio limit ats = (Cp? - 612) / (2 x Cip X Pysb) = 0.964
Transverse bending stress ratio aus = Myx,piate / Mc = 0.039

PASS - Transverse bending stress ratio less than allowable limit

Deflection at toe

Unfactored force on support angle Pists = bmsb X hmsb X pm.sb + Pcaddsb + Paddsb = 1.4 KN/m

Distance from weld to load position am=e1 =70 mm

Length of load resultant to edge of plate bm=Ih-e1=35mm

Dist from weld to load position as ratio of length ai=am/(am+ bm)=0.667

Effective second moment of inertia left def = tsp® / 12 = 42667 mm*/m

Deflection at toe 5= (a’ x (3-a)/6)x (PisLs x (am *+ bm)®) / (Esseso x lefi_def) = 0.03 mm
Deflection limit Sim = 2.00 mm

PASS - Deflection is within specified criteria

Weld details - assume a full length weld and that the plate acts as a propped cantilever with the prop at the weld
position and the fixed end at the centre of the torsion beam

Leg length of weld Sweld = 6 mm

Throat size of weld aweid = 1/V(2) x Sweid = 4.2 mm

Shear force at weld position Ra=PixmaX((1+ (3xe1)/(2xBmp/2)),1.4)=5.0KkN/m
Maximum possible force in plate Rp = (Inh + Bmb) % tsb x pysb = 525.6 kN

Longitudinal shear between beam and plate Ri=2 xRy /L =350.4 kN/m

Horizontal shear between beam and plate Rh=Pixe1/(Sweia/ 2 + tsp / 2) = 19.6 KN/m

Resultant weld force Ruweid = (Ra? + R2 + Ry?)%% = 0.351 kKN/mm

Strength of weld (Table 37) Pweid = 220.0 N/mm?

Capacity of full length weld Peweld = Aweld X Pweld = 0.933 KN/mm

PASS - Capacity of weld exceeds resultant force on weld
Torsional loading ULS
Loading of support beam masonry WiuLs = (Rmsb X Bmsb X pm.sb + Pgaddsb) x yic + Paaddsb % yra = 1.96 KN/m
Loading of main beam masonry WauLs = (Nmmb X Dmmb X pm.mb + Pcaddmb) x i + Pqaddmb x yia = 1.82 KN/m
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Self weight of support beam W3uLs = Asbu X psb X yic = 0.20 KN/m
Torsional loading SLS
Loading of support beam masonry W1sLs = hmsb X Dmsb X pm,sb + Pgadasb + Paadasb = 1.40 kN/m
Loading of main beam masonry Wasts = hmmb X bmmb X pmmb + Pcadamb + Paadams = 1.30 kKN/m
Self weight of support beam Ws3sts = Aspu x psb = 0.14 KN/m
Eccentricities
Distance to shear centre of main beam eomb = 0 mm
Eccentricity of support beam masonry €1mb = (Bmb + bmsb) / 2 + C - €mp = 127 mm
Eccentricity of main beam masonry €2mb = (Bmb - bmmb) / 2 - €mp = -23 mm
Eccentricity of support beam €3mb = Bmb / 2 + Cyysb = 57 mm
Torsional effects
Applied torque (ULS) TquLs = abs(W1uLs X €1mb + WauLs X €2mb + W3uLs X €3mb) = 0.22 KNm/m
Total torque (ULS) Tq=Tquis x L = 0.66 kKNm
Applied torque (SLS) Tqsts = abs(WisLs X €1mb + WasLs X €2mb + WasLs X €3mb) = 0.16 KNm/m
Total torque (SLS) Tqu= Tgsts x L = 0.47 KNm

STEEL BEAM TORSION DESIGN

In accordance with BS5950-1:2000 incorporating Corrigendum No.1
Tedds calculation version 2.0.02

Section details

Section type UB 203x133x30

Steel grade S275

Design stength Pyw = py = 275 N/mm?

Constant e = V(275 N/mm2/ py) = 1.000
Geometry - Beam unrestrained against lateral-torsional buckling between supports.
Effective span L =3000 mm

Length of segment for LT buckling Lir =3000 mm

Compression flanges laterally restrained
Both flanges free to rotate on plan
Effective length for LT buckling Le_it =Lt x 1.0 =3000 mm

Loading - Torsional loading comprises only full-length uniformly distributed load(s)

Internal forces & moments on member under factored loading for uls design

Applied shear force Fvw =20.0 kN
Maximum bending moment MLt = Mx = 36.95 kKNm
Applied torque Tq=0.66 kNm

Minor axis bending moment My = 0 kNm
Compression force F.=0kN

Equivalent uniform moment factors
EUM factor (Cl. 4.3.6.6 and T18) mcr = 1.000

Torsional deflection parameters
Beam is torsion fixed and warping free at each end. (as defined in SCI-P-057 section 2.1.6) - Appendix B case 4

Dist along the beam for first derivative of twist z7=0mm
Dist along the beam for second derivative of twist z2=L/2=1500 mm
First derivative of angle of twist ¢1=Tq/(GxJ)xalLx[L2/(2xa)x(1/L-2xzi/L2)+

sinh(z1 / a) - tanh(L / (2 x a)) x cosh(z1/ a)] x 1 rads = 1.65x102 rads/m
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Third derivative of angle of twist

Angle of twist

Second derivative of angle of twist

Design parameters
Total angle of twist
First derivative of ¢
Second derivative of ¢
Third derivative of ¢

Section classification

Shear capacity (parallel to y-axis)
Design shear force
Design shear resistance (Cl. 4.2.3)

Moment capacity (x-axis)

Design bending moment

Moment capacity

Moment capacity low shear (Cl. 4.2.5.1)

Lateral torsional buckling
Effective length for lateral torsional buckling
Slenderness ratio

Buckling parameter

Flange ratio

Torsional index

Slenderness factor

Ratio - ¢1 4.3.6.9

Equvalent slenderness — cl 4.3.6.7
Limiting slendernes — Annex B2.2
Euler stress

Perry factor

Bending strength

Buckling resistance moment

Max moment governing buckling resistance
Equiv uniform moment factor for LTB

¢"1=Tq/ (G x J x a2) x alL x [sinh(z1/ a) - tanh(L / (2 x a)) x
cosh(zs/a)] x 1 rads = -2.53x102 rads/m?

d2=Tgxal(GxJ)xalLx[L?/(2xa?) x(zz2/L-2z2/L?+
cosh(zz2/a) - tanh(L / (2 x a)) x sinh(z2/a) - 1] x 1 rads = 0.015 rads

¢"2=Tq/ (G xJxa)xall x [cosh(zz/a)-tanh(L /(2 x a)) x
sinh(zz / a) - 1] x 1 rads = -1.59x102 rads/m?

¢ = abs(¢2) = 0.015 rads

¢' = abs(¢'1) = 1.65x102 rads/m
¢" = abs(¢"2) = 1.59x102 rads/m?
¢" = abs(¢"'1) = 2.53x102 rads/m?

b/T=7.0
d/t=26.9
ris = min( 1.0, max(-1.0, Fc/ (d x t x pyw ))) = 0.000
ras = Fo ! (Ag x pyw) = 0.000
Section classification is plastic

Fv = 20.0 kN
va =0.6 x Py X Avy =218.4 kN
Pass - Shear

Mx = 37.0 KkNm
Mexu = py x Sx = 86.5 KNm
Mex = min(py x Sx, 1.2 x py x Zx) = 86.5 KNm
Pass - Moment capacity exceeds design bending moment

LE_LT =3000 mm
A=Ler/ry=95

u=0.881
n=0.5
x=21.5

v=1/(1+0.05x (1 /x)?)0°% = 0.84
Bw=1.0=1.000

AMT=UuxVxAxV(Pw) =70

Ao = 0.4 x V(n?x Esseso / py) = 34

pe = m? x Esses0 / ALt? = 409 N/mm?

nur = max(7.0 x (ALt - Ao) / 1000, 0) = 0.252
o= (py+ (Nt + 1) x pe) / 2 = 393345168.160
Ps = Pe x Py / (¢t + V(oL1? - PE X Py)) = 188 N/mm?2
Mp = pp x Sx = 58.9 kNm

Mir = 37.0 kNm

mcr = 1.00

My / mir = 58.9 kNm
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Pass - lat. tors. buckling
Buckling under combined bending & torsion -SCI-P-057 section 2.3
For simplicity, a conservative check is applied using the maximum stresses due to each of the separate load effects, even
though these do not necessarily all occur at the same section along the member.
L/a=3.09
¢ =0.015 rads
¢" = 15.9x10" rads/m?
Myt = Mxx ¢ /1 rad = 0.56 kNm
Gbyt =Myt / Zy = 10 N/mm?
ow = Esseso x Wno x ¢"/ 1 rad = 22 N/mm?
ib = Mxx mur/ Mp + (Goyt + ow) / Py x (1 + 0.5 x Mxx mur/ Mp) = 0.78
Pass - Combined bending and torsion check satisfied

Span factor

Angle of twist

Second derivative of ¢

Induced minor axis moment

Normal stress at flange tip due to My
Normal stress at flange tip due to warping
Interaction index

Local capacity under combined bending & torsion
For simplicity, a conservative check is applied using the maximum stresses due to each of the separate load effects, even
though these do not necessarily all occur at the same section along the member.

Max. direct stress due to My
Combined stress - eqn 2.22
Design strength

obx = Mx/ Zx =132 N/mm?
Gbx + Gbyt + 6w = 163 N/mm?
py = 275 N/mm?

Pass - Local capacity
Combined shear stresses - SCI-P-057 section 2.3
For simplicity, a conservative check is applied using the maximum shear stresses due to each of the separate load effects,
even though these do not necessarily all occur at the same section along the member.
Tow = Fyy x Quw/ (lxx t) =17 N/mm?
Tt = Fyy x Qs / (Ix x T) = 4 N/mm?2
tw = abs(G x t x ¢'/ 1rad) = 8 N/mm?
1 =abs(G x T x ¢'/ 1 rad) = 12 N/mm?
twi = abs( -Esseso x Swi x ¢™ /1 rad/T) =1 N/mm?
Tvw = Tw X (1 + 0.5 x My x mur / Mp) = 11 N/mm?2
Tutr = (tif + Twr) x (1 + 0.5 x My x mir/ Mp) = 18 N/mm?2

Max shear stresses due to bending in web
Max shear stresses due to bending in flange
Max shear stresses due to torsion in web
Max shear stresses due to torsion in flange
Max shear stresses due to warping in flange
Amp shear stress torsion & warping in web
Amp shear stress torsion & warping in flange

Combined shear stresses due to bending, torsion & warping:

Combined shear stresses in web
Combined shear stresses in flange
Shear strength

Twist check

Total applied torque (unfactored)
Maximum twist under sls loading
Twist limit

Deflection
Maximum y-axis deflection
Deflection limit - cl. 2.5.2

Tw = Tow + Tvw = 28 N/mm?
Tt = Tof + Tvir = 22 N/mm?2
pv = 0.6 x py = 165 N/mm?
Pass - Combined shear stresses

Tqu =0.47 kNm
Osis = ¢ x Tqu/ Tq=0.62 deg
dim = 2.50 deg

Pass - Twist

Sy max = 0.6 mm
Siim = mln(L/ ks, 8|imiabs) =8.3 mm
Pass - Deflection within specified limit
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